Soymilk-like white opaque liquid was prepared from whole soybean seeds without imbibition by the nama-shibori method. The solid content of the resulting liquid (non-imbibed soymilk) increased with an increase in blender revolutions and milling time, becoming almost equivalent to that of standard soymilk (imbibed soymilk) after milling at 12,000 rpm or more for 8 min. The precipitate obtained from the nonimbibed soymilk was lower than that from imbibed soymilk after milling for 4 min; however, it was higher after milling for 8 min. The non-imbibed soymilk showed bimodal particle size distribution, differing from imbibed soymilk prepared by milling at 12,000 rpm or less, which showed a unimodal distribution. The findings suggest that non-imbibed soymilk is of slightly lower quality than imbibed soymilk prepared from imbibed soybean seeds, but overall the differences were considered minimal.
Introduction
Soymilk consists of soluble protein, protein particles (i.e., protein suspension) and emulsion derived from lipid and protein (Ono et al., 1991; Ono, 2008) . Research on soymilk has been extensive, especially with regard to the effect of heat treatment (Ono et al., 1991; Guo et al., 1997; Shimoyamada et al., 2008) , tofu processing (Tezuka et al., 2004; Onodera et al., 2009) , yuba processing (Chen et al., 2009) , and novel soymilk-derived gel formation (Shimoyamada et al., 1999a (Shimoyamada et al., , 1999b Kamata et al., 2004) . Soymilk is prepared from imbibed soybean seeds usually soaked in tap water overnight. Imbibed seeds are so soft they are easily milled by a mill or blender; however, imbibition itself poses several problems. First, before the seeds can be processed, they must be imbibed for a prolonged period of time; for example, 10 h at 20℃ (Liu et al., 2004) or 18 h at 4℃ (Ishiguro et al., 2006) . Second, a number of microorganisms such as thermophilic bacteria adhere to the soybean hull (Okubo, 1992) and may increase during imbibition. Furthermore, soybean imbibition produces a large amount of waste water, which contains organic matter including carbohydrates and protein. Elimination of the imbibition step is therefore considered advantageous for food processing.
In this study, soymilk was preliminarily prepared from whole dry soybean seeds not subsequently imbibed in order to improve processing of soymilk beverage. Yield, solid content, precipitation and size distribution of the emulsion from the resulting soymilk were estimated and compared with those of a common soymilk sample prepared from imbibed soybean seeds using standard methods.
Materials And Methods
Preparation of soymilk Soymilk samples were prepared by the nama-shibori method with some modification (Toda et al., 2007) . Briefly, soybean seeds (Glycine max (L.) Merrill var. Miyagishirome, 25 g) purchased at a local market were mixed with 200 mL of water (room temperature) without washing, and then immediately milled for 4 or 8 min at room temperature using a blender (Type R, Teraoka Co., Osaka, Japan) followed by filtration using a 5-ply polypropylene mesh to give raw soymilk. Control soymilk was prepared from soybean seeds that were imbibed in water overnight at 4℃. The imbibed seeds, which contained 25 mL of imbibed water, were then milled with 175 mL of room temperature water and filtrated in the same manner to give control raw soymilk. Raw soymilk samples were placed in plastic screwcapped tubes (20 g each) and heated for 15 min at 100℃ in boiling water (finally reaching 95℃ for more than 5 min) before rapidly cooling in an ice bath. Each experiment was repeated at least twice to provide reproducible data.
Determination of precipitation Soymilk samples heated for 15 min then cooled in an ice bath were centrifuged at 1,500 × g for 10 min before removal of the supernatant by placing the tubes upside down for half a minute. The resulting precipitate was weighed to calculate precipitation as a fresh weight percentage.
Determination of solid content The solid content of the soymilk samples was measured using a digital refractometer (PR-101α, Atago Co., Ltd., Tokyo, Japan) and rated on the Brix scale.
Laser diffraction particle size analysis The particle size distribution of the prepared soymilk was measured using a laser diffraction particle size analyzer (LS 13 320, Beckman Coulter, Inc., Fullerton, CA, USA). The refractive index used was 1.6, and measurements ranged from 0.04 to 2000 μm. No signals were observed between 100 μm and 2000 μm in any sample.
Results And Discussion
Preparation of soymilk from non-imbibed soybean seeds Whole soybean seeds and water were placed in a blender and immediately milled with no time allowed for imbibition; the result was soymilk-like white opaque liquid (tentatively named non-imbibed soymilk). This non-imbibed soymilk was compared with control soymilk made from imbibed soybean seeds, which we named imbibed soymilk for distinction. Yields of soymilk derived from imbibed and nonimbibed seeds ranged from 180 to 190 g/25 g of whole seeds. There were almost no differences in yield between imbibed and non-imbibed soymilk samples (Fig. 1A) . The solid content of the non-imbibed soymilk samples, on the other hand, was obviously lower than that of the imbibed soymilk after milling for 4 min at 12,000 rpm or less (Fig. 1B) . These results show that milling at low revolutions was not sufficient to blend the non-imbibed soybean seeds due to their hard tissue. As a result, an insufficient amount of water was permeated into the seeds during milling and squeezing, and less constituents were subsequently extracted.
The yield of non-imbibed soymilk was almost equivalent to that of the imbibed soymilk most likely due to insufficient milling of the seeds allowing only a limited amount of water to be adsorbed or trapped by the insoluble residue (i.e., okara). Thus a large amount of water was recovered in the liquid part. From the solid content, milling of non-imbibed soybean at 12,000 or 14,000 rpm for 8 min was considered necessary to produce non-imbibed soymilk with a solid content similar to that of imbibed soymilk. A, Yield; B, Solid content. Open bars, soymilk obtained from nonimbibed soybean (non-imbibed soymilk); closed bars, soymilk obtained from imbibed soybean (imbibed soymilk). Milling conditions: 7k,8, milled at 7,000 rpm for 8 min; 10k,4, 10,000 rpm for 4 min; 10k,8, 10,000 rpm for 8 min; 12k,4, 12,000 rpm for 4 min; 12k,8, 12,000 rpm for 8 min; 14k,4, 14,000 for 4 min; and 14k,8, 14,000 rpm for 8 min. 
Milling Condition
Precipitation of the soymilk was higher after 8 min than 4 min of milling at all revolutions, with the number of revolutions having little effect (Fig. 2) . After 4-min milling, the ser diffraction particle size analyzer (Fig. 3) . Except for those milled at 14,000 rpm, imbibed soymilk samples showed unimodal particle size distribution with a mode diameter of 0.36 μm, and the non-imbibed soymilk sample showed bimodal particle size distribution with mode diameters of about 0.34 (main particles) and 1.7 μm (additional particles). According to a previous report, the main peak of distribution (0.34 μm) is derived from oil bodies in the soybean seeds (Toda et al., 2007) , while the additional large diameter peak is thought to be derived from flocculation or coalescence of these oil bodies.
From the area of each distribution, the highest volume percentage of main particle distribution was found in the non-imbibed soymilk samples prepared by milling at 10,000 rpm for 8 min or 12,000 rpm for 4 min (approximately 92-non-imbibed soymilk showed lower precipitation than the imbibed soymilk; however, after 8-min milling, precipitation from the non-imbibed soymilk was higher than that from the imbibed soymilk, except at 7,000 rpm. In the case of 4-min milling, only soluble constituents were extracted from incompletely milled seeds, suggesting stable dispersion. However, 8-min milling allowed insoluble constituents such as pieces of cell wall to be extracted resulting in unstable dispersion, and thus increased precipitation. Milling at 12,000 to 14,000 rpm for 4 min was therefore considered necessary for non-imbibed soymilk with low precipitation.
Estimation of soymilk particle size Soymilk reportedly includes protein suspension and emulsion consisting of protein and lipid (Ono et al., 1991; Ono, 2008) . We therefore measured the particles derived from the emulsion using a laCharacterization of Soymilk Prepared from Non-imbibed Soybean Seeds 
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Particle Size (µm) 93%). In light of particle size distribution, milling under these conditions was considered preferable for the non-imbibed soymilk preparation. Milling at 14,000 rpm decreased the volume percentage of the main distribution in the nonimbibed sample, while giving the imbibed soymilk sample a bimodal particle size distribution. Thus, milling at 14,000 rpm appeared to be excessive for soymilk preparation. On the other hand, milling at 10,000 rpm for 4 min gave the greatest amount of additional large particles, although the imbibed soymilk showed almost no large particles. Therefore, with the non-imbibed seeds, milling at 10,000 rpm for 4 min might not be sufficient for monodisperse soymilk emulsion.
The non-imbibed soymilk showed slightly less monodispersion than the imbibed soymilk samples, but overall the difference was considered insignificant. Accordingly, by controlling other milling conditions, improvement of nonimbibed soymilk is thought to be possible.
The present study showed that soymilk can be obtained from non-imbibed soybean seeds. The yield and solid content of the non-imbibed soymilk obtained was almost equivalent to that obtained from imbibed seeds, except for a slightly lower particle size distribution. Considering some of dispersion properties of soymilk, the least differences between the non-imbibed and imbibed soymilk were found with preparation conditions of milling for 4 min at 12,000 rpm. As the two samples were relatively similar, improvements are thought possible by changes to the processing conditions. Soymilk processing from non-imbibed seeds is therefore thought to be potentially advantageous due to the decrease in waste water, reduction in hygiene problems and shorter preparation time.
